Summary Hibiscus cannabinus var. HC-2 (2nϭ2xϭ36) and H. sabdariffa var. HS-24 (2nϭ4xϭ72) were cytogenetically and biochemically studied to elucidate their genomic homology. Both the species possessed only metacentric chromosomes. The range of chromosome length of these 2 species was 1.43-3.80 mm. Both the species showed a gradual decrease in chromosome length. Six CMA-positive bands were found in both the species. Two entirely CMA-positive banded chromosomes were found in both the species. Twenty six DAPI-positive bands were found in H. cannabinus var. HC-2. In H. sabdariffa var. HS-24, 14 DAPI-positive bands appeared. These bands were distributed in different location of respective chromosomes. Two chromosomes of H. cannabinus var. HC-2 and 8 chromosomes of H. sabdariffa var. HS-24 were entirely banded with DAPI. The entirely CMA-and DAPI-banded chromosomes were unique and could be used as marker. In H. cannabinus var. HC-2, a pair of satellites was found in orcein and CMA-staining. No satellite was found in DAPI-staining indicates its GC-rich nature. The activity of acid phosphatase and peroxidase was found similar in both the species. However, the 2 species showed different activities for esterase. The karyotypes (conventional and fluorescent) and electrophoresis pattern (acid phosphatase and peroxidase) indicates that either out of 2 different genomes in H. sabdariffa var. HS-24, 1 is very close to that of H. cannabinus var. HC-2 or H. sabdariffa var. HS-24 and H. cannabinus var. HC-2 may have derived their part of genomes from a common ancestor.
The genus Hibiscus L. belongs to Malvaceae consisting of about 300 species (Akpan 2000) . Many species of this genus yield fibres of different qualities. Moreover, they produce more biomass in poor soil where even jute cannot grow. Hibiscus cannabinus (Kenaf) and H. sabdariffa (Mesta) are two most important bast fibre yielding cultivated species in this genus. The quality of fibres of these two species is next to jute and hence gained importance as substitute of jute in Bangladesh. In addition, Kenaf and Mesta are considered as the main renewable sources of raw materials for paperpulp production (Andrew and Peters 1980) .
The existing varieties of jute, Kenaf and Mesta are characterized with low yield potentiality, low adaptability to various agro-climatic situations and susceptibility to biotic and abiotic stresses (Edmonds 1991) . The main constraint to overcome these problems has been the narrow genetic base of these bast fibre crops in the major fibre growing countries of Asia (Heliyanto 1992) .
In view of the above, the International Jute Organization (IJO) has been collecting different germplasms of jute, Kenaf, Mesta and other allied fibre yielding crops from Bangladesh. These are being stored in the Gene Bank of the Bangladesh Jute Research Institute (BJRI). The germplasms are mainly collected and identified on the basis of plant morphology. Due to the phenotypic plastici-ty, plants belonging to the same taxa show different morphology. In such a situation, identification and screening of germplasms are very difficult.
To overcome the difficulties, few cytological works have been carried out on jute relatives/allied crops, since chromosome study is more reliable (Arangzeb 1980 , Sobhan 1992 , Haque and Ahmed 1972 . Previous cytological reports of Kenaf/Mesta and its relatives were mainly based on analyzing their orcein-or carmine-stained karyotypes. Sometimes orcein-or carmine-staining alone is not good enough for analysis karyotypes, since orcein does not have any base specificity. It is well known that some techniques developed recently may reveal so far hidden morphological differences in the karyotypes. One such recent technique is fluorescent staining with double counter stains viz. Chromomycin A 3 (CMA) and 4-6Ј Diamidino-2-phenyl Indole (DAPI). It has been used for critical comparative karyotype analysis (Schweizer 1976 , Kondo and Hizume 1982 , Hizume et al. 1988 , Alam and Kondo 1995 , Alam et al. 1996 . Since CMA binds to GC-rich (Guanine-Cytosine) and DAPI to AT-rich (Adenine-Thymine) segments of chromosomes, fluorescent banding permits a more detailed and critical chromosome analysis. One can easily identify the individual chromosome by the appearance of the CMA-and DAPI-bands (positive and negative). It is now possible to measure the difference in the amount and size of GC-and AT-rich base pairs of the chromosome complements and hence can distinguish different genomes.
Another method for assessment the genetic diversity at the molecular level is Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE). This technique has been used in a number of plants (Wrigley 1970 , Wrigley and Shepherd 1973 , Ladizinsky 1979 , Sammour 1994 . With the help of gel electrophoresis, it is possible to characterize the protein molecules on the basis of their molecular weight in a particular species.
Alam and Rahman (2000) compared the karyotypes of two jute cultivars (Corchorus capsularis and C. olitorius) and a wild species (C. trilocularis) after counter staining with CMA and DAPI. They found that a pair of satellite bearing chromosomes is common in these species and hence suggested the probable origin of these chromosomes from a common ancestor.
Therefore, an extensive research on jute relatives/allied crops becomes an important need so that a huge amount of data could be supplemented to the breeders. Keeping this in mind, an attempt has been made here to characterize the karyotypes of 2 very close jute allied crops namely H. cannabinus var. HC-2 and H. sabdariffa var. HS-24 after staining with orcein, CMA and DAPI. In addition, SDS-PAGE has also been carried out to determine the genetic diversity of these species. The aims of this investigation were i) to compare the karyotypes of these 2 species, ii) to determine the distribution and amount of GC-and AT-rich repeats, iii) to identify chromosomes, iv) to elucidate the nature of satellite and v) to characterize genetic diversity at molecular level.
Materials and methods
The following Hibiscus species were used in this study (i) H. cannabinus var. HC-2 and (ii) H. sabdariiffa var. HS-24. The seeds of both the species were collected from the Gene Bank of BJRI. After 15-20 h incubation the seeds were germinated. The young healthy roots were cut ca. 0.5 cm away from the tip by a clean blade. The collected root tips (RTs) were pretreated with 0.002 M 8-hydroxyquinoline for 1.30 h at room temperature followed by 15 min fixation in 45% acetic acid at 4°C. The pretreated RTs were hydrolyzed for 15 s and squashed in 1% aceto-orcein.
For CMA-and DAPI-staining, the methods proposed by Alam and Kondo (1995) were followed with a slight modification. After hydrolyzing and dissecting, the materials were squashed with 45% acetic acid. The cover glasses were removed quickly on dry ice and allowed to air dry for at least 48 h before study. The air dried slides were first preincubated in McIlvaine's buffer (pH 7.0) for 30 min followed by Distamycin A (Sigma) (0.1 mg/ml) treatment for 10 min. The slides were rinsed mildly in McIlvaine's buffer supplemented with MgSO 4 (5 mM) for 15 min. One drop of Chromomycin A 3 (0.1 mg/ml) was added to the materials for 17 min and then rinsed with McIlvaine's buffer with Mg for 10 min. Slides were mounted in 50% glycerol and kept at 4°C for over night before observation. These were observed under a Nikon (UFX-IIA) fluorescent microscope with blue violet (BV) filter cassette.
For DAPI banding, after preincubation in McIlvaine's buffer (pH 7.0) the slides were treated with 0.25 mg/ml Actinomycin D (Sigma) for 10 min followed by rinsing in the same buffer for 10 min. The slides were stained with 0.1 mg/ml DAPI for 7 min. Photographs were taken under a Nikon (UFX-IIA) fluorescence microscope with ultra violet (UV) filter cassette.
Enzyme localization on polyacrylamide gel was carried out following the method of Arüs and Orton (1983) with slight modification. For this purpose vertical polyacrylamide gel electrophoresis was carried out. Three separate methods of staining were used to detect the enzyme activity on the gels. Before loading, the samples were diluted in the ratio 2 : 1 with the sample buffer. Sample containing 250 mg of proteins was applied during running of gels. After running, the gels were stained by different methods for 3 different types of enzyme localization. The incubation mixtures for esterase, acid phosphatase and peroxidase were used in different gels for the detection of 3 different isoenzymes. The banded gels were photographed quickly with Fuji color film.
Results and discussion

Orcein-staining
Hibiscus cannabinus var. HC-2 and H. sabdariffa var. HS-24 were found to possess 2nϭ36 and 2nϭ72 chromosomes, respectively (Figs. 1, 4) . The present finding regarding 2n chromosomes numbers of these species confirm the earlier reports (Akpan 2000 , Wilson 1994 . Except the 2n chromosome number, the karyotypes of these two species are almost similar. The range of chromosome length of these two species was 1.43-3.80 mm. Both the species possessed only metacentric chromosomes i.e. symmetric karyotype (Table 1) .
Fluorescent banding
Six bright and prominent CMA-positive bands were found in both the species at mitotic metaphase (Figs. 2, 5, arrows) . The CMA-positive bands revealed the presence of GC-rich repeats in those regions of chromosomes. A pair of chromosomes (pair XVIII) was fluoresced entirely with CMA in 2 species (Figs. 2, 5, black arrows) . This banding nature makes these chromosomes unique and therefore could be used as marker chromosomes.
Twenty-six and 14 DAPI-positive bands were found in H. cannabinus var. respectively (Figs. 3, 6, arrows) . These bands were distributed at different locations such as, terminal, centromeric and interstitial region of the respective chromosomes. The DAPI-positive bands indicate the presence of AT-rich repeats at those regions of chromosomes. Hibiscus cannabinus var. HC-2 had more AT-rich repeats than H. sabdariffa var. HS-24 (Table 1) . Two chromosomes of H. cannabinus var. HC-2 and eight chromosomes of H. sabdariffa var. HS-24 were entirely banded with DAPI and therefore may be used as marker (Figs. 3, 6 , black arrows).
Satellite
In H. cannabinus var. HC-2, a pair of satellites was observed on the short arm one in each member of pair IV in orcein and CMA (Figs. 1, 2, arrowhead) . However, no satellite could be detected in DAPI-staining in this species (Fig. 3) . Absence of satellite in DAPI revealed DAPI-negative nature of the satellited portions and thus could not be detected. The reversible banding pattern (CMA-positive DAPI-negative) indicates that the satellited portions were completely rich in GC-repeats (Alam and Kondo 1995 , Schweizer 1976 , Alam et al. 1996 , Hizume et al. 1988 . 
